one that he was a difficult child, rather provoking and too argumentative to teach easily. Maybe this was so; it would be readily understood; for here was a mind of fine quality struggling to show the glimmer of its own light and in dividuality in the brilliance of the milieu in which it found itself.
He had three brothers: one, Arthur Charles, was three years younger and is still living. He had a distinguished career in the Navy, becoming Admiral Beatty's Master of the Fleet at the Battle of Jutland and Director of Navigation at the Admiralty. His two other brothers died young, one at the age of six, the other at twenty-six.
'Robin' Strutt was rather an aloof kind of boy. His first period at school (1884-1889) under the Rev. C. G. Chittenden at the Grange, Haddesdon, was probably not a very happy time, for the shyness, which caused him to seem aloof, was mistaken for inability to concentrate and apply himself to ordinary school duties. He found Eton, where he was at Miss Evans' house (1889-1894) much more congenial; he disliked games, and was not interested in classics, but in science he was usually top of his class and eventually gained the College science prize. He found the science master, T. C. Porter, particularly stimulating, for he allowed his pupils who showed a real interest in science to come to his laboratory at any time and help (or hinder) what he was doing. Porter's influence was just what was needed to fertilize the scientific impulses nascent in the young and rather unusual boy. As to mathematics, Strutt was critical of his own ability, although he was definitely above the average at school in this subject; he under stood well the reasoning, but had not the facility for accuracy. In the holidays, he had the advantage of his father's tutelage, but he realized later that he had never taken adequate advantage of this great privilege.
He entered Trinity College, Cambridge, in October 1894. He began by reading mathematics at his father's wish, and was guided by G. T. Walker (later Sir Gilbert Walker, F.R.S.) and J. W. L. Glaisher. He decided, however, that he had little chance of a really good mathematical degree, and he read for the Natural Science Tripos (Part I) at the beginning of his third term. He was taught chemistry by C. T. Heycock and H. J. H. Fenton, mineralogy by A. Hutchinson and W. J. Lewis; he also took interest in geology, but his best subject was physics in which he learnt most from J. J. Thomson Soon after graduating, he commenced to publish results of experimental work carried out in the Cavendish Laboratory under the direction of J. J. Thomson . His first paper was 'On the least potential difference required to produce discharge through various gases'. The attractive and peculiar char acteristics of the electric discharge through gases excited his interest and provided exercise for his experimental capabilities, scientific insight and inquiring mind. He was elected a Fellow of Trinity in 1900, remaining a Fellow till 1906. 
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His outlook was fundamentally scientific on all questions. He remained some what shy and awkward, but those that came to know him well realized that this was only a superficial, though innate, characteristic and that beneath there was understanding, human kindness and a sense of humour.
His publications number over 300, of which 113 are papers in the Proceedings of the Royal Society and one in the Philosophical Transactions: this is a much greater number than any other Fellow in the same period. Before attempting a resume of the formidable amount of original work that this represents, it may be well to relate the main events and activities of his life. From 1899 From to 1906 Strutt worked mainly at Cambridge, or in the laboratory at the family home, Terling. He was quite an accomplished glass-blower. The writer, as a boy, remembers-it must have been about 1903--how thrilled he was to spend some hours in the Terling laboratory, being shown how to build up a quartz rod from the rough crystal and fashion it into parts for the insulation of an electroscope by one who though quite young himself had already contributed much to the exciting new knowledge of radioactivity.
In 1905 he married Lady Mary Hilda Clements, second daughter of the fourth Earl of Leitrim. He had three sons and two daughters by this marriage; one of the daughters died aged four, the other, Daphne, later married the third Baron Acton. He is succeeded by his eldest son, John Arthur Strutt, as fifth Baron. His first wife died in 1919, only a few weeks before the death of his father. His mother, a lady of great character, died in 1934, aged eighty-seven. After her husband's death she settled in a house in Cadogan Gardens to be near her son and his family when in London.
In 1908 Strutt was appointed Professor of Physics at the Imperial College, South Kensington. He remained in this post until he succeeded to the title, when he became Emeritus Professor (1920) . Later (1936) he was appointed Chairman of the Governing Body of the College and held that office till his death on 13 December 1947. He had a lively interest in the welfare of the College and took much trouble about any matter in which his advice was sought, and his judgment was always sensible and sound.
In 1920 he married again. It was through his friendship with Sir Charles Parsons, F.R.S., that he met, at Beaufront, Kathleen Alice Cuthbert, O.B.E. She was widow of Captain J. H. Cuthbert, D.S.O., of Beaufront Castle, Northumberland, and eldest daughter of John Coppin Straker of Stagshaw House, Northumberland. Lady Rayleigh had three sons and one daughter by her first marriage and by the second Guy Robert Strutt, who was born in 1921 . The family circle was therefore a large one, but was sadly diminished by the war, in which two of his stepsons were killed. Rayleigh enjoyed in his later years the interest his youngest son took in the work in the laboratory. R. J. Strutt was elected a Fellow of the Royal Society at the age of twentynine and he served twice on Council, (1916-1918 and 1921-1923) and was Foreign Secretary 1929 Secretary -1934 . He received the Rumford Medal in 1920, only six years after it had been awarded to his father. Twice he had the distinction of delivering the Bakerian Lecture (1911 and 1919) . He was therefore closely associated with the Society's activities and often presented papers and experi ments at ordinary meetings and soirees of the Society on subjects which were particularly well fitted to excite the interest of a scientific audience. There was something of the spirit of the experimental philosophers of bygone times in Rayleigh's approach to scientific problems and in the manner of the presenta tion of his work. His papers are written with great clarity and in exemplary style.
There was another activity of the Royal Society in which he took lively interest. His father had played a great part in establishing the National Physical Laboratory. He was naturally interested in its prosperity and was Chairman of the Executive Committee from 1932-1939. He became President of the Physical Society of London from 1934 to 1936, and was joint President of the International Congress of Physics which was held in London in 1934 . He went to South Africa in 1929 as President of the Physics Section of the British Association, and was President of the Association in 1936 at the meeting in Cambridge. His address was a notable one for he made it clear to the public that science could not be held responsible for the way the results of scientific investigation was applied, and that war-time applications were generally the outcome of developments that had no apparent connexion with war whatever.
Rayleigh was President of the Royal Institution from 1945 till the date of his death: he had served as Manager (1924, 1931) and as Vice-President (1939 and 1942 When the Royal Society celebrated on 30 November 1942 the tercentenary of Newton's birth and met in the lecture room of the Royal Institution, Rayleigh gave the lecture on 'Newton as an experimenter' demonstrating many of Newton's optical experiments. It was appropriate that he should have given this lecture for he had full sympathy with Newton's itch for experiment, instinctively examining any natural phenomenon that excited his interest: an instinct which is not common, as Rayleigh remarked. He showed all the most important experiments which led Newton to state that 'to the same degree of refrangibility ever belongs the same colour'. As a lecturer Rayleigh was clear, his voice was distinctive but not resonant, his matter was always interesting.
In spite of a retiring disposition, Rayleigh had thus taken great part through out his life in the activities of scientific institutions. Likewise he gave of himself in public affairs, when he could be useful in providing scientific counsel. He served on the Advisory Committee of the Department of Scientific and Industrial Research 1929 Research -1934 Rutherford was Chairman at that time, Sir Frank Smith, F.R.S., Secretary; Sir Alfred Ewing, F.R.S., and Nevil V. Sidgwick, F.R.S., a cousin of Rayleigh's and the writer were members of the Council. It was naturally a lively council under such a Chairman and Rayleigh often had good suggestions to make. For many years he was a member of the Committee of the Radium Institute and served as Chairman of the Civil Research Committee on Radium Requirements. He was also a member of the Royal Commissions on Rewards for Inventors and on Nitrogen Requirements. Amongst other public duties, he was a Trustee of the Beit Memorial Fellowship, a Fellow of Eton College (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) ) and a J.P. of the County of Essex. He was even a President of the Central Council of Milk Recording Societies; for he was quite proud of the high grade herd of dairy cattle at Terling.
He took active interest in the debates in the House of Lords, and spoke on several occasions (see bibliography).
Although most of his time was spent at Terling, the custom was to spend February and March in the London house in 69 Cadogan Square and then again for a short season in May and early June so that he could attend the debates in the House of Lords and scientific meetings. Then July was spent at Terling again, followed by visits to Northumberland and Scotland in August and September, and a return to Terling for work in the autumn. Distinguished scientists and others were invited to Terling, and these gatherings were a happy feature of the life there, as they had been in his father's time. At Beaufort Castle too there were many interesting visitors. Although there were occasions when he attended meetings in Paris and elsewhere and others when he travelled far, for instance to South Africa (1929) and a curtailed journey to West Indies (1935) , he had no great desire to wander and preferred the home life at Terling, where there was the laboratory and the 'book room'. He was fond of reading, particularly historical works. Photography had always been his hobby.
He was very methodical and punctual; he took pains about any matter which he had in hand, not taking on more than he could do and giving himself time to do it properly. The morning was usually spent in study and correspondence, the early afternoon in relaxation; sometimes he would garden or have a swim in the lake or cycle to see some activity on the estate. Then later in the after noon he would work in the laboratory till dinner-time. It was much the same when he was Professor in London; he would lecture at ten, his assistant would have been preparing for the day's experiment to be conducted later in the morning, in the afternoon he would return home to the house (then in Onslow Gardens) to think over the changes necessary and to design the experiment for the next day. Although his own work was always conducted personally, he supervised the work of others in the department; one of these was Dr Jevons. His assistant M r R. Thompson was with him from the time he was working in the Cavendish Laboratory (1908) to the end. He came to him untrained as a lad, but in the course of time he became very competent and provided his master with an extra pair of very useful hands. Rayleigh gave tribute to his many years of honest service and his trusted assistant wanted no juster or more kindly master.
After the death of his father, Rayleigh moved his apparatus to Terling in the autumn of 1920 and adapted the laboratory for the new work. Rayleigh had a deep sentiment in regard to his father's ways and the apparatus which he had used, and he made as few changes as possible. Like his father, he saw no object in making anything more complicated than it need be, or of spending on needless furbishment: where simple means sufficed or could be provided by exercising a little sense and ingenuity, well and good. These sentiments extended to the home and estate, he did not like changes if what had served its purpose well or was part of the history of the place was still in good order, if not, it could be repaired or protected. Ownership was a trust, not only on behalf of the family but on behalf of the conservation of the assets of the country and the stability and the dignity of England. He upheld traditions and, like his father, attended regularly on Sundays the service in the little church on the estate. v In 1930 there was an unfortunate fire which destroyed a portion of the laboratory and damaged some valuable instruments, but it provided an oppor tunity to make some renovations, including a glass observatory dome for observing the night sky.
Scientific work
Rayleigh experimented on so many interesting subjects that it is difficult to give an adequate description of his work in a few pages. The general narrative about his work will therefore be supplemented by a more detailed account of certain sections of it in smaller print. When referring to his work before 1919 he will be cited as Strutt, and after that date as Rayleigh. (1899) (1900) (1901) (1902) (1903) (1904) Strutt had already published from the Cavendish Laboratory some interesting papers on different aspects of the electric discharge in gases. He studied the sparking potentials in various gases and the effect of impurities and he proved the homogeneity of cathode rays from a source of constant potential, but his first more substantial work was on the 'conductivity of gases under Becquerel rays' {Phil. Trans. 196, 507 (1901) ). He showed that the conductivity of various gases, caused by the ions produced by the rays, was proportional to their density. Confirming Giesel's observation that the Becquerel rays were deflected by a magnetic field, he distinguished between the deflectable rays and those 'softer' rays which were undeflected, and suggested that the latter were positively charged and might have been deflected by a stronger field. This was shown to be a correct surmise, in fact he was the first to suggest that a-rays were atomic projectiles. When more was known about the various rays, they were identified as the positively charged a-rays, the easily deflectable negative /8-and the pene trative 7-rays. He tested the ionizing effect of the 7-rays, but found their ionizing behaviour bore more resemblance to the /3-radiation than to that of the X-rays; he had been one of the first to demonstrate (as early as 1899) that the deflectable /3-rays were essentially different from the X-rays. He was author of one of the earliest books on radioactivity-The Becquerel rays and the properties of radium (E. Arnold, 1904). It described some of the early experiments and was written at a time when the a-rays had just been proved to be connected with the produc tion of helium: in this connexion he wrote an interesting review in Nature (1906) when Rutherford's Radioactivity (2nd edition) was published. Early in 1903 he devised a simple electroscope to exhibit Curie's discovery that a negative charge was emitted by radioactive substances. The radium preparation was placed in a thin glass tube, smeared on the outside with phosphoric acid to render it conducting. A pair of gold leaves hung from the tube which was itself held by an insulating support inside a glass vessel. As the electrons were fired out of the tube, the leaves gradually acquired a positive charge and diverged until they touched earthed metal strips and the cycle began again. This was at first done with a weak preparation and the cycle took about twenty-four hours. Rayleigh has left a note about this amongst his papers, which runs as follows: 'On a visit to Terling, Rutherford was shown this experiment, and suggested that we might repeat it with 10 mg. of radium which he had with him. Lord Kelvin was there, and Rutherford remarked that it would please the old man, which it certainly did. We set up the experiment at once and the gold leaves diverged and collapsed again every thirty seconds or so. Lord Kelvin was wildly enthusiastic about it, and persisted in calling it my "perpetual motion", for at that time he advocated the view that radium drew its energy from the surround ings at the same temperature, contrary as he admitted to the second law of thermodynamics. He told some of the ladies that he had hoped to go down to posterity in the enunciation of that law, and now in view of the discovery of radioactivity, he thought he had been mistaken! However, a few months later he admitted that Rutherford was right in assuming that the radium atom held great stores of energy of a different order of magnitude from those which were liberated in chemical reactions, and enough to maintain its activity for thousands of years. ' This little apparatus became known as 'the radium clock' but Strutt was careful to point out that he did not so name it himself and thought the lay press was responsible.
Researches on Becquerel rays
The radium and helium content of minerals and the determination of their age (1904) (1905) (1906) (1907) (1908) (1909) (1910) In 1904, Strutt published an interesting paper on the radium content of minerals; the amount of radium emanation in the gases which were evolved on heating the minerals was measured. Helium was also found in the gases and was thought to be derived from the degeneration of radium. That this was the cause of the presence of helium in minerals seems to have been suggested by Rutherford and independently supported by Strutt about the same time.
His father's attention had been called to the radio-activity of the crater of the King's Spring at Bath. R. J. Strutt found that it not only contained radium but helium as well. An estimate was made of the quantities in the water and the deposits; the King's Spring alone was estimated to deliver water containing as much as 0-3 g. of radium a year. These preliminary investigations led to his extensive studies of the uranium and radium content of rocks and of their helium content, which enabled him to get an approximate measure of the distribution of radium in the earth's crust, and of the geological age of minerals.
It was first of all established that the radium content of uranium-bearing minerals was in fixed ratio to the amount of uranium in the mineral. This important result had been anticipated by B. B. Boltwood by a few months; Strutt remarks in his paper 'that additional confirmation is not, however, superfluous'. The method had been to extract the radio-active constituents by boiling with acid or fusion with potash, to stand the solution until equilibrium with the emanation was established, then to boil out the emanation and measure it by an electroscope calibrated with material of known radium content. By this method it was possible to determine quite small quantities of uranium in minerals, much too small to detect chemically. The acid rocks were found somewhat richer in radium than the basic, and the sedimentary deposits about the same as the basic. Knowing the heat evolved by radium, it was possible to estimate how much of the rock, assuming even distribution of the radium at the average concentration found, would be needed to maintain the earth in its normal temperature equilibrium. Strutt found that a crust only forty-five miles thick would be needed. Either the earth was not in temperature equilibrium and must be getting hotter, or the radium must be concentrated in an outer layer. This result was not immediately acceptable to Kelvin, for it discredited the view that the internal heat of the earth was a residuum from a former state, which had given the earth an age of 100 million years. This estimate, however, had been contested by biologists, who had pleaded for a greater age. Rayleigh in later life was inclined to think that the result to which he had been led was perhaps the most important of his contributions to science.
The next stage in this work related to helium. The first part of the story is best told in his own words: 'When I first read Rutherford's suggestion that the helium in minerals was produced by radio-active change, the idea occurred to me at once that it might be used to measure the geological age of the material. This was fairly obvious and I think Rutherford was the first to publish it, though as a matter of fact I had put it into print before his idea reached me. The helium method of determining age is most strictly applied by taking an arbitrary quantity of the mineral, measuring the volume of helium V c.c. initially present, and the volume v c.c. produced in one year. Supposing the ^ 11 gas to have been all retained, the time required to accumulate it would be V -years. If the gas had not all been retained in the mineral, then the time v will be greater than this, to what extent it is impossible to say. The method only professes to give an inferior limit to the age. However, subject to this limitation, it merely requires the comparison of two volumes, and is then quite independent of any detailed theory of radio-active processes. At the time when these processes were not so well explored as now, this was a valuable feature, and I think I may say that the work did something to convince the scientific world generally that there was not much that was dubious or hypo thetical about the minimum estimate obtained. It showed at least that the age was much longer than Kelvin had supposed. ' For these experiments minerals rich in thorium or uranium had to be used, otherwise the helium produced in a year could only just be detected (10'5 ml.) although that initially present was 100 ml. The minimum estimate of age obtained in this way at the time of these experiments was 280 million years, but of course if there had been leakage of helium during the life of the mineral the real age would have been greater.
Strutt extended this work to other rocks and minerals, for by measuring their radium content and their helium content, and knowing how much helium would be produced per year by the radio-active constituents, it was possible to measure their age. The quantity of radium and thorium emanation present was determined for many minerals. Unfortunately the method was subject to considerable error for the leakage of helium from most geological material was great. However the quantity of helium found in zircon embedded in igneous rocks indicated that the zircon from older rocks contained about 100 times as much as from the younger geological group, and the older rocks which gave a minimum age up to 600 million years considerably raised the former estimates. The work was extended to the determination of the age of sedimentary iron ores which fitted in fairly well with the ages from geological evidence. A sphene from an Archean horizon had an age of at least 710 million years. It was also found possible to provide an estimate of the age of meteorites.
There was one curious result which has remained obscure. Beryls contained a much larger amount of helium than was accounted for by their radio-active content. Rayleigh returned to this problem in later years (1933) . After examin ing beryls in rocks of various ages from a great number of sources, and having found the large helium content in the beryls of great age, he came to the con clusion that the helium could not be ascribed to a radio-active constituent which had already spent itself, but that it was more likely derived from the beryllium itself, although its own a-ray activity was insufficient to account for it. The helium content was definitely related to the age of the beryl, whereas if it had been produced by a short-lived product, the younger beryls should have had a large helium content. He writes: 'Others have been interested in this matter, and like myself attempted to find a clue but without success. I hope that when I am gone it may not pass out of notice, for it can scarcely be doubted that there is something of importance behind. Rutherford I know shared the view. ' In connexion with his early researches, particularly 'The origin of gases evolved by mineral springs' (1907) , Rayleigh at a later date (1939) made a further study of the gaseous constituents of the earth's crust. Russell & Menzel had pointed out (1933) that neon is cosmically more abundant than argon and yet argon is much more abundant in the earth's atmosphere. Rayleigh found that the ratio of argon to neon in plutonic rocks is much the same as in the atmosphere; this result does not therefore indicate that neon had been lost from the atmosphere. (The vesicles of pumice stone were, however, found to contain an exceptional amount of neon.) Rocks were found to contain about 0*04 ml. of nitrogen per gram; which indicates that there is more than fifty times as much nitrogen in the rocky substance of the earth than in the atmosphere. Nitrogen is therefore a much more abundant constituent of the earth than was hitherto supposed. R. J. Strutt had been the pioneer in this subject-the determination of gaseous constituents of the earth's crust and its application to the estimation of geological age. His methods have since been applied by other investigators, notably by Paneth in his investigations on meteorites. He himself recognized the limita tions of the method and the greater accuracy of the estimates of age obtained by determining the lead content. Shortly after his move to the Imperial College at South Kensington, he published a further paper (1910) on the geological age of radio-active minerals which described several improvements in the experimental methods, but the discovery of active nitrogen led him to set it all aside for a time, for the main of the work had been done. Rayleigh's researches on active nitrogen formed the central feature of his whole work. He himself would have endorsed this statement. He writes: 'This subject has engrossed a large share of my life's work, though I cannot pretend that it has by any means been cleared up. It may perhaps be claimed, however, that new fields have been opened up, and what has been attempted in the way of exploring them cannot fail to bear fruit in due season. This work originated in my boyish interest in the phenomena of vacuum discharge. I was specially attracted by the mysterious phenomena of "afterglow", i.e. the comparatively faint luminosity which remained for a few seconds after the induction coil discharge had been turned off. I read about this and observed it for myself at the age (I think) of about sixteen or seventeen and my attention has been intermittently occupied with it ever since.' His last paper in the Proceedings of the Royal Society was in this same field of inquiry.
Researches on active nitrogen
It would be difficult to provide in this notice an adequate resume of Rayleigh's work on active nitrogen as the years went by, because the story is essentially a long and rather complex one. The experimental results were often hard to interpret; different observers did not always get the same results and reasons for ^t hese discrepancies had to be found. Many different effects had to be sorted out by a succession of ingenious experiments over many years reverting to, develop ing and correcting earlier work as knowledge advanced. A review on active nitrogen has been made by S. K. Mitra (Joykissen Mookerjee Meda Lecture for 1945, Indian Association for Cultivation of Science, Calcutta, 1945); Rayleigh approved of this review (although he did not accept the theory as to the nature of active nitrogen which Mitra gives in the second part of his paper). Only a brief account of Rayleigh's part in the investigations on active nitrogen will be attempted here, but as Mitra justly states 'A report on active nitrogen is, in its major part, a report on the work of Rayleigh'. He mentions other workers who have made systematic study of the subject: Willey in England; B. Lewis and Kaplan in the U.S.A.; Cario, Franck, Herzberg and Kneser in Germany; Okubo and Hamida in Japan; Saha, Kichlu and Joshi in India.
Strutt was not the first to discover the nitrogen afterglow. Afterglows in gases in vacuum tubes had been the subject of various investigations, for instance in Warburg's laboratory from 1884 onwards; Percival Lewis (Ann. Phys. Lpz. (1900) , 2, 466) had there observed and studied the nitrogen afterglow. Strutt, however, was the first to prove that this straw-coloured glow was due to nitrogen and nitrogen only.
In 1910, he had shown, after passing a discharge through air, that a yellow green glow was caused by the mutual reaction of nitric oxide and ozone each formed in the discharge. He had found under similar circumstances 'phos phorescent combustion' with ozone, sulphur vapour, sulphuretted hydrogen, acetylene and iodine, but not with nitrogen. However, when he employed a condenser discharge, he was able to confirm P. Lewis' observation. He adopted a different procedure to that used by Lewis, the gases were drawn by a pump through the discharge tube and the glow could be observed in the tube leading away from the discharge. Lewis had not been able to get a glow in atmospheric nitrogen, but only from that prepared from sodium nitrite and he believed nitric oxide was essential for its production: von Mosengeil (Ann. Phys. Lpz. (1906) , 20, 833), on the other hand, claimed that nitrogen, from which oxygen had been removed by treatment with sodium, would give a glow. Strutt had bubbled his air through molten phosphorus and satisfied himself by this and in other ways that the glow was due to nitrogen alone and that the nitrogen in this form had special properties. Nevertheless it needed much work before this view was generally accepted, and it is through this careful experimental work that the discovery of 'active nitrogen' may justly be credited to him.
(b) The early work on active nitrogen (1910) (1911) (1912) (1913) The early work was described in the Bakerian Lecture in 1911; he showed that the glow was destroyed by heat, but enhanced by cooling, and that it was unaffected by an electrical field situated so as to remove ions produced in the discharge used for the excitation. He found that the glowing nitrogen reacted with phosphorus, sulphur, iodine, that the characteristic luminosity occurred at the seat of action and the nitrogen glow then disappeared. Similarly reaction occurred when metals, such as zinc, cadmium, magnesium, mercury, sodium, potassium or lead were heated in the active nitrogen and gave rise to the char acteristic line spectra. Nitric oxide was found to react with it giving the greenishyellow glow similar to the airglow, and forming nitrogen peroxide, but oxygen was found to destroy the glow without forming oxides of nitrogen. Acetylene and halogen derivatives of organic radicals gave rise to cyanogen, setting free halogen when present. There was every justification in fact for calling the new modification of nitrogen 'active'.
The nitric oxide reaction was used to determine the concentration of the active nitrogen, which was thus found to be about 2-5 per cent. Unlike the air afterglow, strong ionization accompanied the nitrogen glow in nitrogen, the ions being liberated in the glow and this ionization was destroyed by oxygen along with the glow.
Spectroscopic observations on the glow were next undertaken in collaboration with Alfred Fowler, F.R.S. It was at first surprising that only the positive band system of nitrogen (discovered by Deslandres) was associated with the glow of active nitrogen and that the intensities of the main bands were different from what they were in the spectrum of the discharge through nitrogen. The three main bands were 5371 green, 5802 yellow and 6251 red. These had been previously observed by P. Lewis. There were also bands labelled and 7, but later these were shown to be due to NO and were found only when oxygen or other oxygen-containing impurities were present.
The spectroscopic work proved conclusively that the glow was due to nitrogen and to nitrogen only. Strutt summarized some of his early work in a lecture at the Royal Institution in 1913 and in conclusion recalled a prophetic passage in a letter from Faraday to Schonbein: 'What of nitrogen? Is not its apparent quiet simplicity of action all a sham? Not a sham, indeed, but still not the only state in which it can exist. If the compounds which a body can form show something of the state and forms it may have when isolated, then what should nitrogen be in its separate state? ' The view that active nitrogen was an unstable modification of nitrogen with different chemical properties, but having the same property of reverting to ordinary nitrogen as ozone reverts to oxygen, seemed to be gaining general acceptance. But difficulties were arising, others had been repeating experiments. Comte ( P h y s. Z. (1913) , 14, 74), and later Tiede dtsch. Chem. Ges. (1913) , 340) stated that their experiments proved that traces of oxygen in the nitrogen were needed to produce the glow. Strutt countered by showing that less than one hundred thousandth part of oxygen was present in his nitrogen, because if this quantity of oxygen were added, a cloud of oxides of phosphorus became visible in the vessel in which phosphorus had been placed in order completely to remove oxygen from the nitrogen. Controversy ensued and Tiede and his collaborator Domcke came to London and set up their apparatus in Strutt's laboratory. They used barium or potassium azide for generating the nitrogen.
It was found that the glow was much less distinct with nitrogen made in this way. Strutt, however, stated that in no experiment was it not visible. The facts established were that Strutt's nitrogen, which contained less than 10'5 parts of oxygen, gave plenty of active nitrogen, that made from sodium azide gave a much diminished glow. It was not easy to disentangle the conflicting results. Eventually Strutt solved the puzzle. He showed that by purifying with sodium or sodium-potassium alloy instead of phosphorus, he got a diminishment of the glow and that by adding carbon dioxide or hydrogen sulphide or even hydro carbons like methane, the glow in oxygen-free nitrogen could be restored. He states in his notes written in 1947 that he has never with the purest nitrogen been able to eliminate the glow altogether, but traces of other gases assist its production.
Being particularly circumspect in his experimental work and scrupulously careful in drawing conclusions, Strutt was apt to be sensitive to criticism. He ridiculed the arguments of his critics as follows: 'The glow associated with the presence of active nitrogen is not obtained unless a trace of oxygen is present; therefore there is no such thing as "active nitrogen". To obtain a clearer view of this kind of reasoning, apply it to the following more familiar case; the formation of sodium chloride by the interaction of sodium and chlorine is not observed unless a trace of moisture is present: therefore there is no such thing as sodium chloride!'
He was right to take his stand on the chemical reactivity of the 'active nitrogen'; later work confirmed that there wras much more active nitrogen formed than was accounted for by either the associated luminosity or ionization. In further ance of his studies on its chemical behaviour, he sought the advice of his colleagues at the Imperial College, H. B. Baker, F.R.S., and M. O. Forster, F.R.S. Hydrocarbons, both saturated and unsaturated, gave rise to cyanogen bands and hydrogen cyanide was found in the products. Carbon bisulphide provided the blue nitrogen sulphide and the brown sulphide of carbon. Mercury gave an explosive nitride and this was formed even in the cold provided the surface was renewed by shaking. Methylene blue was decolorized, but glycerine was found not to affect the glow appreciably.
The difficulty about the traces of foreign gases which affect the production of active nitrogen in the discharge has already been discussed, but there were other complexities. When the rate of decay of the glow came to be studied carefully, it was found that there was not only a homogeneous destruction within the gas, but also a heterogeneous one at the walls and that they were affected differently by foreign gases. The effect of temperature was also curious; cooling increased the brightness of the glow and hastened its decay; the decay process appeared to have a negative temperature coefficient. Careful work had shown that ionization accompanied the glow, but that the laws governing the decay of the ionization and of the luminosity were not the same, fne further Strutt penetrated, the more complicated became the problem of elucidating the nature of active nitrogen. It is no wonder that it kept him busy, off and on, till the end of his days. From 1922 From to 1935 , there was a lull in the publication of his papers on this subject, but experiments had continued and others (Herzberg, Kneser, etc.) had made important contributions to the subject. From 1935 on, Rayleigh again took the lead and papers were published in the Proceedings 1935 Proceedings , 1940 Proceedings , 1942 Proceedings and 1947 . Perhaps it will be useful to summarize his results under special headings.
(c) Conditions for formation of active nitrogen .
In the later work, he used a uniform source of nitrogen from cylinders which had been purified by treatment with hot copper under pressure. This he further purified by the phosphorus method previously described. The nitrogen was of course carefully dried. By mounting electrodes on a movable frame, the nitrogen could be drawn through any part of the discharge. In this way, Strutt found maximum production near the cathode, a minimum in the Faraday dark space and an increase again in the positive column. Gases like oxygen affect the fall of potential at the cathode and the addition of yg-jjth part of oxygen gave the optimum brightness of glow, but addition of argon or helium had no effect. Small quantities of carbon dioxide or water vapour were both effective in assisting the production of active nitrogen. In fact it appeared that encounter with any negative ion was favourable. The condensed discharge provided a high instantaneous current density and the brightest glow at pressures in the region 2 to 100 mm., but at lower pressures ( c ay q -mm.) the electrodeless discharge was more effecti (d) The homogeneous reaction (i) The behaviour of the glow. It had been found in the early work that if the walls were protected by sulphuric acid, the decay of the glow was diminished. Using large vessels (29 cm. dia.), the glow could be maintained for several hours by treating the walls with sulphuric, and even longer with phosphoric acid. The glow proved to be occasioned entirely in the homogeneous process; the destruction at the walls of the vessel was not accompanied by luminescence (except when chemical reactions occurred with heated metals, etc.). The rate of decay of the glow was found to be independent of the pressure; but if the gas was compressed and then expanded again to the former pressure, the glow was diminished. Rayleigh's description of this effect is characteristic of his lucid stylethe capacity to glow is 'squeezed out of the gas'. He calculated that, if all the nitrogen were excited, the energy at a frequency corresponding to that of the maximum intensity of the spectrum bands should be 700 times greater than that observed.
By using two large globes connected by a special tap so that the active nitrogen in the one could be introduced into the other, which contained nitrogen at the same pressure, he confirmed Kneser's observation that nitrogen caused recovery of the luminosity in the same ratio as the increase in concentration of the nitrogen. Collisions with nitrogen molecules therefore effect destruction of active nitrogen, accompanied by luminosity. He further found that the brightness of the glow varied with the inverse cube of the volume, which fits with the brightness varying directly with the concentration of the molecular nitrogen and depending on the square of that of the active nitrogen. The increase in brightness produced by cooling was found to be mainly due to increase in density of the gas locally, but that there was a residual temperature effect, the reaction rate varying as T 0-84.
(ii) Ionization. Rayleigh had shown that the glow and ionization persist even after drawing the gas through the space between two electrodes across which a saturation current was flowing. These experiments had been repeated with special care to avoid stray fields from the discharge which might excite ionization. The ionization was found to be associated, and to decay with, the active nitrogen. He found that the number of pairs of ions generated during the decay is less at first than the number of light quanta emitted in the glow, and that the ionization varies approximately with the square root of the luminous intensity, but it diminishes somewhat more slowly than the glow. The concentration of molecular nitrogen affects the ionization in the same way as the luminosity and it appears to result, therefore, from the collision between active nitrogen and nitrogen molecules. Rayleigh proved that the ionization is not due to any emission of electrons from the surfaces or to photo-ionization in the gas; it was independent of the nature of the metal surfaces of the electrodes used for measuring the saturation current, but the latter was dependent on the area of the negative electrode. Just as for the glow, the total energy represented by the ionization was estimated to be only a small proportion of the energy available from the process of decay of the active nitrogen. Nevertheless, the ionization is an important feature of the process.
(e) The heterogeneous reaction
The destructive effect of the walls of the vessel on active nitrogen is not accompanied by luminosity, but under normal circumstances, unless the wall reaction is prevented as already described, the effect is greater at the walls than within the gas volume. Strutt had found that copper oxide was particularly effective; a wire coated with the oxide dropped into a vessel containing active nitrogen quickly extinguished the glow.
The destruction was very sensitive to the state of the walls, and this had made it very difficult to determine the laws governing the decay process, and it was only after means had been found to study the homogeneous and the heterogeneous processes separately that progress could be made. Rayleigh found that the heterogeneous process was approximately a first order reaction; the glow fell off exponentially with time, unlike the homogeneous process which varies inversely as f2, characteristic of a bimolecular reaction.
Herzberg had found that a baked silica discharge tube after heating would not give the glow. Rayleigh set up two (Pyrex) glass tubes in parallel, one was baked vacuo and the other ( B) unheated. Glowing active nitrogen from the same sph vessel was let into both, the glow in A was extinguished, but not that in B. He further found that if A had been heated when it had contained nitrogen or hydrogen that, on letting in the active nitrogen (after evacuating), the glow ceased, whereas repeating a similar experiment after heating in oxygen or carbon dioxide, the glow was not destroyed. These layers of different gases adsorbed on the surface of the glass had different effect on the glow; oxygen poisoned the destructive reaction at the walls. Other experiments had shown that air or oxygen introduced downstream from the discharge into the glowing nitrogen had the effect of enhancing the glow, probably owing to this same influence on the wall reaction. This conclusion was supported by finding that the luminosity of the glowing streamers of active nitrogen occasioned by a condenser spark at 6 cm. pressure near the centre of a spherical glass vessel was diminished when oxygen was present.
Rayleigh found that small pieces of platinum, silver, copper or gold foil placed so as to be exposed to active nitrogen could be made to glow brightly and even melt, due to its rapid destruction by the metal and the large amount of energy released. He estimated that the energy dissipated was equivalent to 12-9 eV per active particle and that the glowing metal dissipated more than 700 times the energy which corresponded to the luminous energy in the active nitrogen glow. From these experiments (and recalling those which he had made earlier with nitric oxide and active nitrogen) Rayleigh con cluded that both the glow and the ionization contributed only a small fraction of the total energy released when active nitrogen is destroyed. His last paper describes an ingenious attempt to measure the energy corresponding to the production of active nitrogen in the discharge.
The energy collected by a platinum surface unsheathed in the region of the discharge was greatly in excess of what would have been expected if the nitrogen molecules were dissociated into atoms and every atom singly ionized. The energy liberated by hanging loops of wire in the glowing nitrogen isolated from the discharge tube was greater than would be expected, and he was engaged in studying these effects right up to the time of his death.
(f) The nature of active nitrogen
The nature of active nitrogen still remains a little obscure. Rayleigh from the outset (1911) suggested that the production of active nitrogen involved ionization in the discharge and dissociation of nitrogen into atoms, and that in recombining, energy was emitted and part of it was responsible for the luminosity. Exactly what the state of the atoms is and the nature of the ioniza tion which accompanies their production, has not been finally decided. Free nitrogen atoms, metastable 2D and 2P atoms, metastable A3 + molecules, N £ ions, have all had their supporters. According to the most acceptable estimate, the energy of dissociation of the nitrogen molecule corresponds to 9*764 eV (Gaydon, Dissociation Energies (1947) , Chapman and Hall). Union of free atoms setting free this amount of energy would excite to the vibration levels, corre sponding to the bands which are the most intense in the afterglow. Rayleigh, however, was by no means satisfied that the question was settled and was particularly mystified by the great amount of energy which seemed to be released on destruction of the active nitrogen. He felt that there was still some thing to harvest in this field.
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Miscellaneous researches on luminous glow in gases
The 'active nitrogen' research was only part of Rayleigh's work on luminous discharge in gases. When he started that work in 1910, as already mentioned, he was studying the glow shown by air passing through an electric discharge which he found to be due to a reaction between nitric oxide and ozone. Sub sequently it has been shown that oxygen atoms and nitric oxide give this same glow, but as ozone is formed from oxygen atoms in the discharge and oxygen atoms are provided when it decomposes, Strutt's conclusion fitted the facts. The destruction of this glow by copper oxide, and particularly by silver, was found to be very rapid. These observations were followed by an interesting communication in 1912 entitled 'Molecular statistics of some chemical actions', in which he showed that ozone suffered decomposition in practically every encounter with a silver gauze surface, whereas in encounter with another ozone molecule the number of effective collisions was only one in 6 x 1011. This paper proves his early insight into the mechanism of gaseous reactions and illustrates the simple experiments and reasoning by which he achieved his conclusions. The researches of Langmuir and many others followed soon afterwards.
About this time there was rather a stir occasioned by the experiments of Collie and Patterson which appeared to indicate that helium and neon were formed when an electrical discharge was passed through hydrogen. Strutt's experience in detection of small quantities of rare gases from minerals and in studying electrical discharge in gases led him to repeat some of these experi ments, but he was unable to confirm the results. He concluded that either the discharge conditions were in some way dissimilar, or that the effects must have been caused by contamination by air. He found he could detect the neon in 0*01 ml. of air. Subsequent work has shown that the second conclusion was the most likely but that it would also have been possible for some helium to leak in through the glass.
Later (1936, 1937) Rayleigh made a special study of this passage of helium through glass and particularly silica; he found that 0-3 ml. per day per sq. cm. could penetrate a plate of silica glass 1 mm. thick, 'Pyrex' let through less, about 10'1 and soda glass only 10'7. The porosities of other substances such as celluloid, gelatine, metals and minerals, were also measured. The passage was shown in general to be due to the helium penetrating through submicroscopic cracks ; a single crystal of mica was found to be very impervious even at 415° C.
In the course of his work on 'afterglow', he found that the whitish glow in oxygen only occurred when water (or hydrogen) was present and much later (1935) he criticized some other work and held that his experiments had definitely shown that the glow was not due to traces of nitrogen. The afterglow in hydrogen observed first by Hertz, as a blue jet from a Leyden jar discharge, Strutt identified as due to the presence of very small impurities of sulphur; similar effects he found were produced by traces of selenium and tellurium.
Luminous metallic vapours
His main line of work from 1914 for the next twenty years started with a paper on 'the duration of electrical discharge in gases and vapours', and was followed by others on 'luminous vapours distilled from the arc'; and 'the resonance and fluorescence of metallic vapours '. Rayleigh's researches on luminous vapours may not have led to startling new developments (apart from the discovery of active nitrogen) but they form an important contribution to the advance of physical knowledge. They involved many ingenious electrical and optical measurements and the development of methods for overcoming difficulties in the use of high vacua. They well illustrate his resource as an experimenter. There is a wealth of interesting technique and much which is useful in the laboratory can be gleaned from perusal of these papers, for instance the variety of screens which he devised to isolate particular parts of the spectrum. The earlier work led to a detailed study of the excitation and fluorescence of metallic vapours, particularly mercury. One experiment led to another, for there was always something left over which was not easy to explain in terms of the state of theory at the time. The general features became clear as application of the quantum theory developed, but the phenomena discovered wT ere found to be very complex. It seems that this work fascinated Rayleigh, it fitted his temperament and his method of work. From each set of experiments, there was something to puzzle over, requiring some new experimental attack to be devised. There remain indeed obscure points, which could provide stimulus for further investigations.
An account of this work in a few pages is bound to be inadequate, but the following paragraphs record the main results as the work proceeded. It is hoped that it will be found possible to publish the longer critical resume which he has left in MS. form. 
Resonance and fluorescence of mercury vapour
Wood had shown that on absorbing 2537 radiation, meiicury vapour emitted 2537 by resonance and also a green glow with an apparently continuous spectrum. Strutt had found that in the glow distilled from the arc some of the lines disappeared more rapidly than others. He now observed that the continuous spectrum ceased abruptly at A2537 and depended on the 2537 emission, for this spectrum is not quenched by an electric field but is enfeebled by quenching the line spectrum from which it emerged.
Next (1927), using a hot cathode for excitation, he studied in more detail the connexion between the various lines and bands which were visible in the mercury spectrum of long duration. He discovered that the 'forbidden' lines 2270 and 2656 were present. The rates of decay of the various members of the band spectrum were found to be similar, with a half life 1*82 X10'3 sec. Heat was found to quench the green fluorescent band, but not the ultra-violet band; the green band revived on reaching a cooler part of the tube. The absorption of the vapour was also studied, using a hydrogen discharge tube as a continuous source of ultra-violet radiation. Although similar, there was no coincidence between the absorption and the emission spectra; they appeared to belong to two independent sets of excited levels, each belonging to a different electronic level. He found the 'forbidden' line also in absorption in the unexcited vapour, although this required the vapour to be 107 times the density required for the absorption of the 2537 line. With the hydrogen source, the fluorescence extended as far as A. 2150 . Other bands were found to have structure which had been taken to be continuous and the interpretation became more and more enigmatic.
Detailed observations followed in 1929 on the fluorescence; different regions of the exciting light were isolated by means of screens. Fluorescent radiation was obtained at shorter wave-lengths than that of the exciting light in defiance of Stokes' Law: the green visual fluorescence had bands associated with it at 3300 although the exciting light was 230 A longer. Two effects were contrasted, the 'core' effect due to the light from the core of the resonance line and the 'wing' effect due to the broadening of the line. The ultra-violet fluorescence and the visual fluorescence could be separated since they moved along the stream of vapour at a different rate.
At this stage of the work, Rayleigh found himself in considerable difficulties in the interpretation of the experimental results. There seemed more than ever to be need for a long-lived, excited molecule, and no clear explanation in terms of the passage from the excited atom to metastable states.
By studying the effect of addition of hydrogen, he made some progress. The 'core' excitation was found to be extinguished by hydrogen and not increased by heating, while the 'wing' excitation survived addition of hydrogen and was greatly increased by heating. The 'core' excitation was a process involving collisions with excited mercury atoms, the 'wing' excitation was due to molecular absorption, since the excited molecules are indifferent to hydrogen. He next succeeded in observing for the first time the 'forbidden' line 2270 in fluorescence and proved the presence of a large number of excited atoms in the higher metastable state 23P2. He was surprised to find that core excitation (2537) produced the series of bands recorded by Wood 2345, 2338, which seemed to exclude any process of absorption in successive stages in explanation of the high excita tion. The continuous emission was found to be independent of the 'wing' series and 3300.
Having established the presence of metastable atoms in the fluorescent vapour through the 'forbidden' lines, the distribution of the two kinds of metastable atoms 23P0 and 23P2 in the visual luminosity was determined by isolation of the exciting light with suitable filters. The resonance luminosity contained 23Pi atoms and the persistent luminosity was attributed to the 'imprisonment' process suggested by Zemansky.
In examining the persistent luminosity produced by the 'core' excitation it was found that large numbers of 23P0 atoms, and surprisingly 23P2 atoms as well, were present and it was thought probable that the long life of the 23P0 atoms was the cause of the per sistent luminosity. It was obviously important to examine whether this persistence continued when excitation occurred well away in wave-length from the resonance line and to determine whether excited atoms took any part in the process. The possibility that 23PX atoms can be formed when the exciting frequencies were less than corresponded to the excitation potential of the atoms might seem to some to be ruled out, but Rayleigh, having found that the resonance line 2537 can excite Woods bands at 2345, etc., and 2270 as well as the complete line spectrum, was inclined to be cautious in drawing any con clusions. 23PX atoms found after absorption might have a complex career taking part in the formation of metastable atoms or of excited molecules, others would 'die an early death' and radiate the 2537 line, the presence or otherwise of the line would be a test as to whether 23PX atoms enter into the question or not. Putting such matters to test, he found that by exciting mercury vapour to fluorescence by wave-lengths longer than the resonance line, this line was emitted when the nearest existing wave was 2-3A longer than the resonance line, but not when it was 8A longer. 23PX atoms would not then be formed and 23P0 were also absent. It was concluded that the 3300 and 4850 bands (maxima) were concerned solely with excited molecules.
Wood had found that when a rapidly moving current of mercury was excited by the light from an aluminium spark, the green fluorescence did not start at the point of excitation but that a dark interval could be observed: fluorescence of wave-length 2537 corresponding to the resonance line, which accompanies the green fluorescence, showed no dark interval. Rayleigh found that the phenomena of the dark interval only occurred in the visual fluorescence; the dark interval seemed to depend on the source of excitation. The ultra-violet maximum at 3300 did not show it, nor the fluorescence about 2537. Rayleigh did not think that the key to the correct explanation of this effect had yet been found.
The last of these papers (1944) was a characteristic one: it was entitled 'Long duration of the Balmer spectrum in excited hydrogen'. He described convincing experiments with a rotating mirror which resulted in a duration of 10'5 sec. as the time for the luminosity of the Balmer lines to sink to 1 je of their initial value. This was 1000 times longer than theory, backed by Wien's work on positive rays, would demand. He ends the paper with the following remark: 'Experi mental work which seems out of harmony with established fashions of thought does not easily find its way into books, and is apt soon to be forgotten. The writers of textbooks and summaries of literature do not know how to deal with it and find the easiest solution is not dealing with it all. I hardly expect any other result in the present case, but it seems a duty to put the observed facts on record. ' 
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The light of the night sky
This investigation commenced in 1921, nothing was then known about the quality of the faint light of the night sky, beyond the detection of the green aurora line 5577. Rayleigh found that the night sky was less blue than the clear day sky, and about the same colour as direct sunlight or moonlight. The illumination was too feeble for direct colour perception, comparison had to be made by brightness determination through colour screens. The light of the night sky differed from that of the day sky in being comparatively free from polarization.
By the aid of a yellow filter and 'didymium glass', he established that 0 4 of the whole light of the night sky could be ascribed to the light of the aurora line. A red and blue green filter were used to cut out the 5577 region and let through the rest. Phosphorescent potassium uranyl-sulphate was used as a constant standard of low intensity and neutral glasses were used to secure photometric balance.
H. Spencer Jones (at that time H.M . Astronomer at the Cape, now Astronomer Royal, Greenwich Observatory) joined Rayleigh in the investigation, measure ments were made at the Cape, at Canberra and at Terling. A secular variation following the sunspot cycle, and annual variations with a further half year component were discovered. The slow secular variation was most clearly defined in the auroral component. The mean absolute intensities in any one component were found comparable in magnitude at the various stations, the instruments being standardized before they were issued to make such comparison possible.
Rayleigh next applied photo-electric methods and discovered besides irregular variations, a regular daily variation with maximum at midnight. The average intensity in the zenith was found to be 4-02 x 10"2 * 4 lumens per sq. m. In general the intensity of any component is rarely less than one half or more than double the mean value, but on one occasion (8 November 1929) Rayleigh found the absolute intensity throughout the spectrum was four times the mean value. He could not provide an explanation but 'it may have been of the same character as the night skies shewed in connexion with the great Siberian meteor (30 June '08) ' .
The negative bands of nitrogen, if present at all, are very faint in the light of the night sky, whereas they are strong in the auroral spectrum. With the aid of spectrographs of great light gathering power (f/0-9), he identified the H and K lines of calcium and one near G in absorption, and two emission bands 4435A, and 4210A, which have been shown by Cabannes and Dufay to belong to the Vegard-Kaplan bands of nitrogen.
Lord Rayleigh 523 2. A research on optical contact
Glass surfaces cleaned and laid together do not make optical contact. If the surfaces are flat to one wave and are wiped with a linen rag soaked in alcohol and then slid together they will go into optical contact and will stick together firmly. Scratches raise an edge along the groove of the scratch and prevent contact. By contacting a thin glass on to a thicker piece and lifting an edge and bending, the thin piece can be slowly stripped off. Applying the bending force by weights, the work done could be measured and the work can be recovered in letting them go together again. Rayleigh showed that the interface of two contacted glasses had some reflecting power (about 10'4 of the reflexion from an ordinarv glass surface); the reflexion from the black centre of Newton s rings
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Obituary Notices had not before been measured. If a liquid of the same refractive index as glass (carbon tetrachloride and ether) is used instead of a glass strip, the contact with the surface is more perfect; there was then very little reflexion from a fired or well-polished surface. Rubbing with fine abrasive greatly increased the reflexion, but it was diminished again by washing with hydrofluoric acid.
This was only one of several researches Rayleigh made on the properties of glasses.
Ozone in the atmosphere
The story of this work is best told in his own words: 'One day in 1916 (?) my colleague Alfred Fowler asked me if I was very busy. I said not more than usual. He then showed me some photographs of the spectrum of Sirius, taken by R. A. Sampson at Edinburgh Observatory with a quartz prismatic camera. The regularly spaced bands in question, about 28 angstroms apart, seemed to be clearly associated with the fading out of the spectrum in the neighbourhood of 3000 angstroms. They had been first observed by Huggins, in 1890, and later were photographed in several stars by Hartman and others. It seemed likely from some points of view that they were due to absorption in the earth's atmosphere, but no suggestion had been made as to the constituent responsible.
'Fowler had investigated the spectrum of the setting sun, and had found these Huggins bands there also, though owing to the abundance of metallic absorption lines they were not so clear as in Sirius. It had already been suggested by Hartley of Dublin that the fading out of the spectra of the sun and stars in the ultra violet might be due to atmospheric ozone, which in laboratory tests cuts off all ultra-violet light from about wave-lengths 3000 and under. This was the position when Fowler first discussed the matter with me.
'He proposed to investigate the ozone bands anew, and see if they would fit the bands which he had found in the solar spectrum. He said that he had not leisure to do it, and I agreed to help as he wished. A long absorption tube was fitted with quartz end-plates and ozonized oxygen passed in without any preliminary concentration by liquifaction and fractional distillation. A photo graph of the absorption spectrum was taken, using the same small quartzspectrograph that Fowler had used on the sun, and burning magnesium ribbon as a source of ultra-violet light. As soon as the plate was developed, I strongly suspected seeing the same bands that Fowler had found in the solar spectrum. I took it to him, and wiping the back of the plate dry with a glass-cloth, we compared the spectra as well as we could subject to the limitation that the wet films could not be placed in contact. We saw at once that the bands in the solar spectrum fitted those in the ozone absorption. It was a dramatic moment.
'The nearer the sun was to the horizon, and hence the longer the column of air traversed the more intense the bands, and the shorter the extent of the ultra violet spectrum before complete extinction was reached. A corresponding effect was produced by lengthening the column of ozone.
'This was the first absolutely definite proof of the presence of ozone in the atmosphere, though it had long been suspected. The chemical experiments had all been made in the lower atmosphere, and it was of interest to see by the optical method whether ozone was present there. During a vacation at Terling, I applied myself to this question. A small prismatic camera was constructed with a quartz prism and lens. The source was a mercury vapour lamp. I was able to place it at Whitelands, Hatfield Peverel, a house then in the occupation of my uncle, E. G. Strutt. A "black out" was prevailing directed against the Zeppelins (rigid air ships), for aeroplanes were not yet regarded as a serious menace.
'It was necessary to get permission to show the light, across the valley of the Chelmer, and after some preliminary trouble in trying to make the local military understand why I wanted it (they could not understand the idea of a research not directed to military ends) I got the required permission through my uncle A. J. Balfour, who was then a member of the Government.
'The prismatic camera was set up in a field near "The General's Arms", public house at Little Baddow, whence a view could be obtained of the lamp 4 miles distant. Photographs of the spectrum were obtained, extending as far as the mercury line at A 2536, which is in the part of the spectrum most opaque to ozone. This proved for the first time that there was little ozone in the lower atmosphere and that the ozone seen in the spectrum of the low sun must be located in the higher regions. Later research has confirmed and amplified this conclusion. ' This discovery has become of great importance in the advance of meteoro logical science, particularly owing to the connexion found between barometric pressure and ozone distribution in the upper atmosphere by G. M. B. Dobson, F.R.S. Measurements of ozone distribution are now made in many meteoro logical stations throughout the world.
The green flash at sunset
On the voyage to and from South Africa in 1929 some members of the British Association party on board ship were interested in the phenomenon of the green flash at sunset, on occasions some saw it and some didn't. The writer remembers one evening when Rutherford saw it on the deck above and we who were standing just below did not see it. Rayleigh, who was in another boat, looked out for it on the voyage, but did not see it; he came to the conclusion that 'everything depends on the location' of the observer. He saw it when travelling to the West Indies. He determined to try and repeat this optical effect in the laboratory. This is his description: 'Becoming interested in this matter, I experimented upon it by means of a crown glass prism of 45 minutes angle which was calculated to have the same dispersive power as the earth's atmosphere. It was found that if this prism was set in a rectangular aperture in the window shutter, and the sun reflected in, that the patch of light on a wall 40 ft. away was fringed with red at the edge corresponding to the thin side of the prism, and with greenish blue on the other side. If a narrow slip of paper was used to receive it, the greenish blue illumination lasted for about 3 secs, as the edge of the luminous patch was carried over it by the diurnal motion. This is about the duration of the "green flash" . So far as the effect as seen at sunset is green this is attributed to the loss of blue light by atmospheric scattering. . . . This experiment brought me somewhat varied criticisms. C. V. Boys in conversation indicated quite politely but unmistakably that I was labouring to prove the obvious. Other distinguished men, such as Sir Charles Parsons, Professor P. Zeeman and Sir Arthur Schuster were so kind as to write especially to congratulate me on having cleared up a matter which had too long been allowed to remain obscure. It is very difficult to foresee what will appeal to other people as worth while. ' He resumed experiments later and by change of some of the optical arrange ments was able to copy the natural effect more closely. To get a longer path experiments were made at night out of doors, the light being received direct through the pupil of the eye rather than on a screen: the effect of atmospheric scattering was copied by a dilute suspension of resin. (1921) (1922) (1923) (1924) Because of Rayleigh's interest in the luminous glow of vapour and the use he had made of phosphorus for the purification of his nitrogen, it was natural that he should investigate this subject. He had noticed particularly that when the last traces of oxygen were being removed from nitrogen by cold phosphorus that the luminosity became intermittent. He found the presence of water to be necessary for this effect and that it seemed to come from active centres within the vapour. He distinguished between two processes of oxidation which were going on at the same time, one only being associated with the luminosity. He studied the effect of temperature and of inhibition. At the time when this interesting work was done, there was not so much known about the kinetics of gaseous oxidation as there is to-day and his contributions to this subject have to be related to the more recent work of Semenof and others.
The glow of phosphorus
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Iridescent colour
Rayleigh investigated some rather obscure examples of iridescence. The colour of potassium chlorate crystals had been studied by Stokes and his father. The latter noticed how monochromatic was the light and concluded that it must be due to reflexion from a large number of surfaces, spaced at regular intervals. These hypothetical surfaces he regarded as twin planes. Rayleigh took up the study after his father's death and used the same specimens. He succeeded in cutting sections across thin flakes of the crystal in order to examine them in polarized light. This was done by cementing cleavage cubes of rock-salt with Canada balsam onto the faces of the chlorate flakes and then grinding the assemblage first on one edge, then on the other, so as to allow the layers to be examined with the microscope in polarized light. The periodic structure was clearly revealed in the photographs taken.
'Mother of pearl' had been studied by Brewster who had shown that there were two types of colour, the one he called transferable and the other nontransferable. The first could be transferred to wax. These colours are due to diffraction by the successive layers of the exposed edges, like a pack of cards given a shearing displacement. The other type is analogous to the colours shown by potassium chlorate. The beautiful colours shown by the felspar, 'Labradorite', were also investigated. By inspection these are more like the colours of an oil film on water. It was found, however, that the coloured reflexion spread over a considerable angle, and if the reflecting patches are very small, the angular depth of the image indicated that the colour must be due to diffraction. The size of the reflecting patches measured in the microscope were in agreement with this view. The coloured patches had no obvious relation to the cleavage direction in the crystal.
The last colours examined were those of various iridescent insects. There had been much controversy about these colours; Michelson deemed them similar to the surface colours of aniline dyes. The objection to this view is that only intense colouring matters show those surface colours, whereas the insect wing case, when prepared so as to be transparent, show only weak colours by transmission.
Rayleigh showed that the spectrum of the reflected light possessed bands which appeared to be the result of reflexion from separate layers. The beetle Pelidnota sumptuosa for instance showed a central bright band in the spectrum, bordered on either side with one or two subordinate maxima, like the Lipman films for colour photography, which produce colour by superposition of multiple layers. Iridescent beetles showing a deep red colour at normal incidence may be made to pass through all colours of the spectrum to violet, provided that arrangements are made to annul refraction at the air-chitin surface and obtain very oblique incidence within. This is quite unlike the dyes which show no change of colour with angle of incidence.
Insects showing brilliant colours were examined in the ultra-violet. Morpho butterflies and urania moths were found to show ultra-violet maxima in general agreement with the theory of interference. There was no blue by transmission and therefore no blue pigment. These interference colours of insects are not decolorized by chlorine, whereas pigment colours are so destroyed.
The bending of marble and glass
Cold marble mantelpieces laid horizontally often show a depression in course of time. The bending of marble excited Rayleigh's interest, and he decided to investigate the cause of it. It was soon shown not to be an effect of viscosity. It seemed to vary very much with the nature of the specimen. It came to Rayleigh's notice that heat treatment would cause marble to become flexible; a building shed was accidently burnt down, and the pieces of marble stored in it were found to be highly flexible. It was found that the calcite crystals expanded in different directions unequally and when the individual crystals get forced out of their positions, the internal contacts are ruptured and the density diminished. The material in consequence can bend elastically, but natural friction between the crystals prevents the elasticity being asserted, and the marble remains bent after the bending force is removed.The permanent flexure which a mantelpiece gains is brought about in this way by unequal heating of the two surfaces.
It had been supposed that glass tubes when stored even in an upright position get bent permanently under their own weight. Rayleigh supported a long rod of glass in a horizontal position weighted in the middle and left if for seven years and found that the sag (2*8 cm.) had not changed. A more sensitive test was applied to a crown glass flat 0-3 cm. thick when the permanent set tested against an optical flat by an interference method amounted to only 6 x 10'5 cm.
Pebbles, pallasites and red sandstones
Rayleigh had an interest in geology from his early days at Cambridge, had studied mineralogy and had made use of the knowledge that he had acquired in his researches on the age of minerals. It was therefore natural that his curiosity about such questions as 'what determines the ultimate shape of pebbles?' should be aroused. He was led to put the question by having to produce rounded pebbles of steatite for an investigation he was making on meteorites.
Starting with spheroids of chalk and exposing them to attrition by steel nuts or shot, there was only slight tendency towards the spherical form as attrition proceeded, by no means enough to produce a sphere before the pebble had worn away to nothing. The linear rate of abrasion was not a function of the local specific curvature of the pebble. The spheroid form was not preserved, local flattening at the poles was always produced as in natural quasi-spheroidal pebbles. Abrasion in nature may also occur in a different way, as a pebble is abraded in a pothole in a mountain torrent. Rayleigh made an artificial pothole consisting in a metal cylinder with bottom or walls of abrasive material and a paddle to keep water in the vessel in rotation. If only the bottom of the pot was abrasive rectangular marble blocks were worn to quasi-spheroids which would go inside the true spheroid with the same poles and equator. Abrasion by the former method yields a shape outside the true spheroid. The true spheroid shape lies between shapes resulting from the two processes and may sometimes occur in nature if both processes occur together. If the walls of the mock pothole are made abrasive, a different result is obtained, the longest dimension of the marble sets itself across the water current and gets worn the most and the spherical form is continually approached; examples of natural spherical pebbles probably formed in this way exist but are not common. Concave pebbles are found in natural gravels; these could be imitated by impact abrasion with a number of flints of size comparable with the initial piece of flat marble. The flints tend to shield the edge rather than the centre from impact, and concavity results.
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The shape of stone-iron meteorites or pallasites was another question which interested Rayleigh. He describes them as a sort of plum pudding structure of which the basis is nickel-iron and the plums fragments of olivine which are sometimes rounded in form and sometimes angular. It had been supposed that the whole mass had at some time been in a state of fusion. Why were the fragments of olivine sometimes rounded and sometimes angular? Why had it not formed as a slag layer on top of the iron? It seemed more reasonable to regard the Olivines to have had their shape and then been engulfed by the molten metal. Molten solder was poured into a mould full of steatite fragments either angular or rounded, the resulting mass on cooling was found very similar in structure to the natural pallasites.
One of his last investigations was on the origin of the colour of sandstones. Why were the old sandstone rocks red near his mother's home at Whittinghame, East Lothian, and the quaternary formations in Essex yellow? He was dissatisfied with the explanation that the red are more anhydrous, for he found that it required a temperature of at least 200° C. to turn yellow sandstones red. There was reason to believe that the yellow or brown sandstone near Corbridge in Northumberland had been coloured by Chalybeate water (containing ferrous bicarbonate), and in some places this had converted the yellow into red sand stone. By starting with white sand and a solution of ferrous bicarbonate, the brown sandstone could be imitated by bubbling air through the immersed sandstone, and the red by allowing evaporation of the solution in the air in presence of the wetted grains. Microscopic examination of the two artificial products and comparison with the ground natural products showed their great similarity. The red artificial material is somewhat less hydrated like the natural. This was the last of his papers to be read to the Society and it gave rise to an interesting discussion in which Sir Thomas Holland took part.
There were quite a number of other investigations but enough of his scientific work has been described to illustrate how 'curious' was his mind, how copious his ingenuity and how catholic were his interests.
It was only natural that Rayleigh should have had a lively interest in Psychical Research. His aunts and uncles (on his mother's side), particularly Mrs Sidgwick, had spent much time on such investigations and he was impressed by the fact that his father, whose scientific judgment he greatly respected, had main tained an open mind on the subject after having taken part in some of them. Rayleigh gave a Presidential address in 1937 to the Society for Psychical Research on 'The problem of physical phenomena in connection with Psychical Research', which presents the results of some of his investigations in this field. He used to say that to him such investigations involved great difficulties and could only be undertaken with much circumspection. He had devised special methods for using the infra-red to investigate what was going on in the dark during seances. The address mentioned above ended thus: 'It will perhaps be felt that the result is an unsatisfactory halting between two opinions. 1 must admit that in the course of study my estimates of the evidence has in several instances tended to become less favourable as I proceeded. Nevertheless, in some cases I am still quite unable to form any probable guess as to how the investigators could have been deceived. ' The lucidity of style of his writing in the presentation of his work has already been referred to; but he also possessed a special facility for biography. His two biographies-The Life of Lord Rayleigh and The Life of J. J. Thomson are two exceptionally interesting books: indeed it is difficult to point to any more satisfying biography of a scientist than either of these.
He wrote a good many other notices in memory of distinguished men, A. J. Balfour, Sir William Bragg, Sir Charles Parsons, C. V. Boys, R. T. Glazebrook, P. Zeeman, Sir Oliver Lodge, J. C. McLennan. He delivered in 1942 a remark ably vivid lecture on behalf of the Chemical Society in memory of J. J. Thomson. His Presidential address to the Physical Society, London, in 1936 was entitled 'Some reminiscences of scientific workers of the past generation and their surroundings'. In the introduction he says 'For my part, I think that the history of science is quite as much involved with the personalities of the men who have made it as is any other kind of history. . . . Those who have had the good fortune to be in personal contact with the great workers of the generation above them should not neglect to record what they think may possibly be valued by posterity. There is no doubt that this duty has been too little regarded in the past. It is hard to realise when one is young that what we see to-day may be gone to-morrow and irretrievably forgotten the day after; and still harder to realise how eager posterity may be to know it.' Kelvin, Dewar, Crookes, Schuster, were amongst those about whom he spoke in that lecture. He had strong admira tion for the independent investigators, such as C. V. Boys or Charles Parsons; he had no great sympathy for team work though he would no doubt have agreed that there were advantages in working in a live scientific centre such as 'the Cavendish'.
Honorary degrees were awarded to Rayleigh by the Universities of Durham (D. Sc.) , Edinburgh (L.L.D.) and Dublin (Sc.D.).
Rayleigh cannot fail to have been content with his lot; combining a zeal for scientific inquiry and the high capabilities needed for independent investiga tion, his circumstances were such that effect could be given to that zeal to the end of his days. He was working in his laboratory at Terling the evening before his death from heart failure on 12 December 1947. Viewing his work as a whole, the extent of it is remarkable. Although his temperament might have led him to greater retirement, he fulfilled his part in scientific and even public affairs and yet managed not to be overwhelmed by the scurry of the modern world. He remained detached in the calmer waters, free to pursue studies in experimental philosophy and to enrich science by his discoveries.
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